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57 ABSTRACT

In an IC testing device, first and second analog comparators
for comparing response wavetforms from an I/O pin and an
output-dedicated pin of an IC under test and a selector for
selecting either one of the outputs from the two analog
comparators are provided. By switching the outputs of the
analog comparators one from the other with the selector, the
conventional I/O common system 1s used to carry out
measurement for the I/O pin of the IC under test and the
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1C TESTING DEVICE ADAPTED TO
SELECTIVELY USE 1/O COMMON SYSTEM
AND I/O SPLIT SYSTEM FUNCTIONS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an IC testing device and,
more particularly, to an IC testing device that makes effec-
five use of hardware to apply a test signal waveform to I/0O
pins and mput-dedicated pin of an IC under test and measure
response signals from 1ts I/O pins and output-dedicated pins.

2. Background of the Related Art

In an IC test a test signal 1s applied to a signal input
terminal pin of an IC under test (hereinafter referred to as a
DUT) and a check is made to determine if its response signal
1s at a voltage and timing within prescribed ranges and has
an expected logical value. In this instance, test signals of
different waveforms (i.e. different voltages and timing, for
instance) are applied to the DUT and its response signals to
various test signals are measured. The DUT usually has a
large number of terminal pins such as pins serving also as
input/output terminals (I/O pins), input-dedicated pins
(I-dedicated pins) and output-dedicated pins (O-dedicated
pins). For example, in a conventional IC testing device of
FIG. 1, a format control circuit § of each measurement
circuit 8 sets the waveform (waveform, voltage, timing, etc.)
of the test signal to be applied to a DUT 2 and applies it to
an I/0 pin or I-dedicated pin of the DUT 2 via a driver 3, an
[/O transmission line 7, an I/O terminal 11 and an I/O
transmission line 12 on a performance board 10. An output
signal from the DUT 2, which 1s provided 1n response to the
application thereto of the test signals, 1s applied to an analog
comparator 4 from an I/O terminal pin 13 and an O terminal
pin 15 via transmission lines 12, 19 and 7. The analog
comparator 4 makes a logical decision of the response signal
by comparing it with a reference voltage and provides the
decision result to a digital comparator 6, wherein 1t 1s
compared with a digital expected value, and the comparison
result is written in a memory (not shown) of the testing
device.

A pin electronics card 1 of the IC testing device has, 1n
pairs of a number necessary for device testing (the number
of pins, for instance), drivers 3 each for applying the test
signal to the DUT 2 and analog comparator 3 each for
making a logical decision of the response signal from the
DUT 2. The IC testing device configuration falls roughly
into an I/O common system shown 1 FIG. 1 imn which the
driver 3 and the analog comparator 4 of each measurement
circuit 8 are connected 1n the pin electronics card 1 so that
the measurement circuit 8 1s connected to the pins of the
DUT 2 via a single line on the performance board 10 and an
I/0 split system shown 1n FIG. 2 in which the driver 3 and
the analog comparator 4 of each measurement circuit 8 are
not connected 1n the pin electronics card 1 so that the
measurement circuit 8 1s connected to the I/0 terminal of the
DUT 2 via two lines on the performance board 10. The
merits and demerits of the both systems depend on pin
specifications of the DUT 2, that 1s, the ratios of the numbers
of I-dedicated and O-dedicated pins to the number of I/O
pins.

[/O Common System

In this system the measurement circuit 8, which has the
driver 3 and the analog comparator 4 connected to the
transmission line common to mnput and output, 1s connected
to each terminal pin of the DUT 2 as depicted in FIG. 1.
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When the DUT 2 is in an I (input) mode, the driver 3 1s
enabled to apply a predetermined signal to the I/O pin 13. In
this case, the analog comparator 4 1s 1n a disabled state and
hence does not make a decision of the response signal
through comparison. When the DUT 2 is in an O (output)
mode, the driver 3 1s disabled and the analog comparator 4
1s enabled to receive the output signal from the DUT 2 and
makes a decision of the signal through comparison.

With respect to the I-dedicated pin 14 of the DUT 2, the
driver 3 1s always enabled to apply thereto a predetermined
signal. In this mstance, the analog comparator 4 connected
to the I-dedicated pin 14 1s always 1n the disabled state. With
respect to the O-dedicated pin 15, the analog comparator 4
1s always enabled to receive the output signal from the DUT
2 and make the necessary decision through comparison. In
this while, the driver 3 connected to the O-dedicated pin 15
1s held in the disabled state.

[/O Split System

In this system, as shown in FIG. 2, the format control
circuit 5 provided 1n each measurement circuit 8 for the
ogeneration of the test signal applies the test signal to the I/0
pin 13 via the driver 3 and I-dedicated transmission lines 32
and 18, whereas the response output from the I/O or
O-dedicated pin 1s fed to the analog comparator 4 via
O-dedicated transmission lines 19 and 21. In testing of the
I/O pin 13, when the DUT 2 is 1n the I mode, the driver 3
1s enabled to apply a predetermined signal. In this case, the
analog comparator 4 1s 1n the disabled state, and hence it
does not make any decision through comparison. When the
DUT 2 1s 1n the O mode, the driver 3 1s disabled and the
analog comparator 4 1s enabled to receive the output signal
from the DUT 2 and make the necessary decision of the
signal by comparison.

In the case of testing the I dedicated pin 14 and the
O-dedicated pin 15 through the use of the I/O split system,
the driver 3 1s always held enabled with respect to the
I-dedicated pin 14 of the DUT 2 to apply thereto a prede-
termined signal. With respect to the O-dedicated pin 15, the
analog comparator 4 1s always enabled to receive the output
signal from the DUT 2 and makes the necessary logical
decision by comparison.

In the case of testing the I-dedicated pin 14 and the
O-dedicated pin 15 by the I/O common system of FIG. 1,
hardware of the hatched parts 1s not ever used; therefore, this
system 1s uneconomical. On the other hand, in the case of
testing the I/O pin 13 by the I/O split system of FIG. 2, the
line that connects the DUT 2 to the driver 3 and the analog
comparator 4 1s branched into two. That 1s, first and second
O-dedicated transmission line 19 and 21 unnecessary for the
application of the test waveform to the DUT 2 are 1n a state
in which they dangle from the I/O pin 13, generating
reflected waves and hence disturbing the applied waveform.
Moreover, at the time of measuring the response waveform
of the DUT, the first and second I-dedicated transmission
lines 18 and 32 are 1n a state in which they dangle from the
I/O pin 13, similarly disturbing the test waveform and hence
causing measurement errors. Thus, the I/O pin 13 cannot be
tested with high accuracy—this inevitably degrades the
performance of the testing device.

The performance and cost of the testing device could be
optimized 1f the I/O common system and the 1/0 split system
could selectively used according to the pin specifications of
the DUT. Since the actual testing device needs to test plural
kinds of DUTS, however, the ratios of the numbers of I- and
O-dedicated pins to the I/O pins of the DU'Is are diverse. For
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this reason, to mix the I/O common and I/O split system at
a fixed ratio would 1nevitably limit the devices to be tested,
decreasing general versatility of the testing device. At
present, IC testing devices each utilize either the I/O com-
mon or the I/O split system.

SUMMARY OF THE INVENTION

It 1s therefore an object of the present invention to provide
an IC testing device that permits selective use of the 1/0
common and I/O split systems and enhances use efficiencies
of hardware to thereby reduce the hardware scale and hence
cut the manufacturing cost of the device.

The IC testing device according to a first aspect of the
present invention has plural test circuits for testing an IC of
the type having N I/O pins, M input-dedicated (I-dedicated)
pins and L output-dedicated (O-dedicated) pins, N, M and L
being O or integers equal to or greater than 1. Each of the
plural test circuits comprises: a format control part for
defining the test signal waveform to be applied to each of the
pins of the DUT; a driver placed under the control of the
format control part, for outputting the test signal waveform
to the I/0 pins or I-dedicated pins of the DUT; a second I/0O
transmission line connected at one end to the output terminal
of the driver; a first analog comparator connected to the
output terminal of the driver, for comparing a response
waveform received from one of the I/O pins of the DUT via
the second I/O transmission line with a reference value; a
second O-dedicated transmission line; a second analog com-
parator connected to the output end of the second
O-dedicated transmission line, for comparing a response
wavelorm received from one of the O-dedicated pins of the
DUT wvia the second O-dedicated transmission line with a
reference value; a selector for selecting either one of the
outputs from the first and second analog comparators; and a
digital compartor for comparing the output from the selector
with an expected value.

An IC testing device according to a second aspect of the
present invention has plural test circuits for testing an IC of
the type having N I/O pins, M 1nput-dedicated pins and L
output-dedicated pins, N, M and L being O or integers equal
to or greater than 1. Each of the plural test circuits com-
prises: a format control part for defining the test signal
wavelorm to be applied to each of the pins of the DUT; first
and second drivers placd under the control of the format
control part, for outputting test signal waveforms to the I/0O
pins or I-dedicated pins of the DUT; a selector for connect-
ing either one of the first and second drivers to the format
control part; a second I/O transmission line connected at one
end to the output terminal of the first driver; a second
[-dedicated transmission line connected at one end to the
output terminal of the second driver; an analog comparator
connected to the output terminal of the first driver, for
comparing a response wavelorm from the DUT with a
reference value; and a digital comparator for comparing the
output from the analog comparator with an expected value.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of a conventional IC testing
device employing the I/O common system;

FIG. 2 1s a block diagram of a conventional IC testing
device employing the I/O split system;

FIG. 3 1s a block diagram illustrating an embodiment of
the IC testing device according to the present invention;

FIG. 4 1s a table showing comparison between FIG. 3 the
device of the present invention and the conventional device
from the economical point of view; and
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FIG. 5 1s a block diagram 1illustrating another embodiment
of the present 1nvention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 3 1llustrates 1n block form the pin electronics card 1
and the performance board 10 of the IC testing device
according to an embodiment of the present mmvention. In this
embodiment, each measurement circuit 8 of the pin elec-
tronics card 1 1s the same as the circuit 8 of the FIG. 1 prior
art example but 1s added with a second O-dedicated trans-
mission line 21, a second analog comparator 4b and a
selector 25. As 1s the case with the FIG. 1 prior art example,
the output of the driver 3 and a first analog comparator 4a
are 1nterconnected 1n the pin electronics card 1 and the

connection point 1s connected to one end of the second I/0
transmission line 7.

The output from the first analog comparator 4a connected
at 1ts mput to the second I/O transmission line 7 and the
output from the second analog comparator 4b connected to
the second O-dedicated transmission line 21 are selectively
applied via the selector 25 to the digital comparator 6. The
format control part 5 1s connected via the driver 3 to the
second I/O transmission line 7 as in the case of FIG. 1. In the
performance board 10, each pin of the DUT 2 1s connected
according to 1its kind; for example, the I/O pm 13 1s
connected to a terminal 9 of the second 1I/0 transmaission line
7 of the pin electronics card 1 via a terminal 11 connected
to the transmission line 12. The I-dedicated pin 14 of the Dut
2 1s connected to a terminal 22 of the second O-dedicated
transmission line 21 of the measurement circuit 8 corre-
sponding to a terminal 16 connected to a transmission line
18. While 1n FIG. 3 the DUT has one output-dedicated pin
15 for each input-dedicated pin 14, there 1s a case where
plural output-dedicated pins are provided for each input-
dedicated pin 14. In such an instance, it 1S necessary to
assign measurement circuits 8 to the second and subsequent
output-dedicated pins, respectively.

A description will be given first of an operation of the
FIG. 3 embodiment for measuring the I/O pin 13 of the DUT
2. The output of the analog comparator 44 1s selected by the
selector 25 and connected to the digital comparator 6,
holding the output of the analog comparator 4b from affect-
ing the test.

When the DUT 2 1s 1n the I mode, the driver 3 1s enabled
to apply a predetermined test signal to the I/O pin 13. At this
time, the analog comparator 4a 1s 1n the disabled state and
hence does not make a logical decision by comparison.
When the DUT 2 1s 1n the O mode, the driver 3 1s disabled
and the analog comparator 4a 1s enabled so that 1t receives
the output signal from the DUT 2 and makes a decision on
the received signal by comparison to conduct the test. After
all, this 1s equivalent to testing by the I/O common system.

With respect to the I-dedicated pin 14 and the O-dedicated
pin 15, the comparator output that 1s provided to the digital
comparator 6 1s always limited specifically to the output
from the analog comparator 4b by the selector 25 as shown
in FIG. 3 to prevent the output from the analog comparator
4a from exerting any inifluence on the test.

With respect to the I-dedicated pin 14, the driver 3 is
always held 1n the enabled state to apply thereto a prede-
termined signal. With respect to the O-dedicated pin 15, the
analog comparator 4b 1s always held 1n the enabled state, 1n
which 1t receives the output signal from the DUT 2 and
makes the decision on 1t through comparison. After all, this
1s equivalent to a test by the I/O split system. In this way, this
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embodiment 1s switchable between the I/O common and the
I/O split system.

The conventional I/O common system used for the I/O pin
13 and the conventional I/O split system 1s not used; hence,
measurement accuracy will not deteriorate unlike 1n the case
of employing the I/O split system.

Next, the cost of the testing device will be described. FIG.
4 1s a table that provides a comparison of this mvention
coniliguration to the conventional I/O common and the I/0O
split systems in connection with three cases where DUTs
have a total of 1024 pins but differ 1n the ratios of 1/0 pins,
[-dedicated pins and O-dedicated pins to the total number of
pins. Incidentally, the costs of the format control part 5, the
driver 3, the digital comparator 6, the analog comparator 4
and the selector 25 were set at a ratio of 10:1:10:1:0.2. Cases
1 and 3 are very rare and Case 2 1s considered close to a
reality.

In Case 2, the system of the present invention permits
about 20-% cost reductions as compared with the cost of the
conventional I/O common system criticized as being uneco-
nomical. This 1s because the numbers of format control parts
and digital comparators of high cost ratios can be the same
as the numbers of format control parts and digital compara-
tors used 1n the most inexpensive 1/0 split system.

On the other hand, 1n Case 2 the system of the present
invention 1S approximately 5% higher in cost than the
conventional I/O split system but does not suifer the dete-
rioration of accuracy of I/O pin measurement experienced 1n
the I/O split system.

FIG. 5 1llustrates 1n block form another embodiment of
the present invention. In the embodiment of FIG. 3 the two
analog comparators are switched therebetween by the selec-
tor 25, depending on which of the I/O and O-dedicated pins
the response signal 1s provided from, but in the embodiment
of FIG. 5 two drivers are provided in each measurement
circuit 8 and switched one form the other by the selector 25.
That 1s, 1n every measurement circuits 8 the output of the
format control part 5 1s selectively connected via the selector
25 to the mput of either one of the drivers 3a and 3b. The
output of the driver 3a 1s connected to one end of the I/0O
transmission line 7, together with the input of the analog
comparator 4 as 1n the case of FIG. 1 and the test signal from
the driver 3 1s provided via the I-dedicated transmission line
32 to a terminal 31. With respect to the I/O pin of the DUT
2, the driver 3a 1s selected by the selector 25 and the test
signal 1s applied to the I/O pin 13 via the transmission lines
7 and 12. On the other hand, the response signal from the I/0O
pin 1s fed to the analog comparator 4 via the transmission
lines 12 and 7. With respect to the I- and the O-dedicated
pins 14 and 15 of the DUT 2, the driver 3b 1s selected by the
selector 25 and the test signal from the format control signal
1s provided via the transmission lines 32 and 18 to the
I-dedicated pin 14 and the response signal from the
O-dedicated pin 15 1s applied to the analog comparator 4 via
the transmission lines 19 and 7.

With this embodiment, too, it 1s possible to carry out the
same measurement as that of the conventional I/O common
system for the I/O pin 13 and the same measurement as that
of the conventional I/O split system for the I- and
O-dedicated pins 14 and 15. And this embodiment increases
measurement accuracy and cuts the cost of the device to
about the same extent as in the case of FIG. 3.

EFFECT OF THE INVENTION

(a) According to the present invention, it is possible to
implement an IC testing device at lower cost than that of the
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conventional I/O common system by adding a comparator
and a selector or a driver and a selector to the traditional I/0
split system and by suitably selecting either one of the two

comparators or drivers via the selector, depending on
whether to test the I/O pin 13 or the I- and O-dedicated pins
14 and 15 of the DUT 2.

(b) According to the present invention, the same mea-
surement as that of the conventional I/O common system 1s
carried out for the I/O pin of the DUT 2; hence, even if
transmission lines of the other system dangle from the I/0O
pin , the test waveform 1s not disturbed unlike in the
conventional I/O split system, and consequently, there 1s no
fear of deterioration of measurement accuracy.

It will be apparent that many modifications and variations
may be effected without departing from the scope of the
novel concepts of the present invention.

What 1s claimed 1s:

1. An IC testing device that has plural measurement
circuits for testing an IC having N I/O pins, M 1nput-
dedicated pins and L output-dedicated pins, said N, M and
L being O or integers equal to or greater than 1, each of said
plural measurement circuits comprising;:

a format control part for defining a test signal waveform
to be applied to each of pins of said IC under test;

a driver placed under the control of said format control
part, for outputting said test signal waveform to either
one of said I/O pins and said mput-dedicated pins of
said IC under test;

a second I/O transmission line connected at one end to an
output terminal of said driver;

a first analog comparator connected to said output termi-
nal of said driver, for comparing a response wavelform
received from one of said I/O pins of said IC under test
via said second I/O transmission line with a reference
value;

a second output-dedicated transmaission line;

a second analog comparator connected to an output end of
said second output-dedicated transmission line, for
comparing a response wavelorm received from one of
said L output-dedicated pins of said IC under test via
said second output-dedicated transmission line with a
reference value;

a selector for selecting either one of the outputs from said
first and second analog comparators; and

a digital comparator for comparing the output from said

selector with an expected value.

2. The IC testing device of claim 1, further comprising a
performance board with said IC under test detachably
mounted thereon and a pin electronics card with said plural
measurement circuits mounted thereon and disconnectably
connected to said performance board.

3. The IC testing device of claim 2, wherein said perfor-
mance board comprises:

N first I/O terminals, M first mnput-dedicated terminals
and L first output-dedicated terminals for connection to
said pin electronics card;

N first I/O transmission lines each connected at one end
to one of said first I/O terminals and at the other end to
one of said I/O pins of said IC under test;

M first input-dedicated transmission lines each connected
at one end to one of said first input-dedicated terminals
and at the other end to one of said input-dedicated pins
of said IC under test; and

L first output-dedicated transmission lines each connected
at one end to one of said output-dedicated pins of said
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IC under test and at the other to one of said first
output-dedicated terminals.

4. The IC testing device of claim 3, wherein said pin
clectronics card further comprises at least N+M second 1/0
terminals and at least N+L second output-dedicated termi-
nals for connection to said performance board.

5. The IC testing device of claim 4, wherein, for said N
I/O pins of said IC under test, said pin electronics card
connects, for each of corresponding N of said measurement
circuits, said first analog comparator to said digital com-
parator and connects corresponding N of the second I/0
terminals to said N first I/O terminals of said performance
board and wherein, for said M input-dedicated pins and said
L output-dedicated pins of said IC under test, said pin
clectronics card connects, for each of corresponding M of
said measurement circuits, said second analog comparator to
said digital comparator and connects corresponding M of
second I/O terminals and corresponding L of said second
output-dedicated terminals to said M first mput-dedicated
terminals and said L first output-dedicated terminals of said
performance board respectively.

6. An IC testing device that has plural measurement
circuits for testing an IC having N I/O pins, M 1nput-
dedicated pins and L output-dedicated pins, said N, M and
L being O or mntegers equal to or greater than 1 and each of
sald plural measurement circuits comprising;:

a format control part for defining a test signal waveform
to be applied to each of pins of said IC under test;

first and second drivers, placed under the control of said
format control part, for outputting test signal wave-
forms to either one of said I/O pins and mput-dedicated
pins of said IC under test;

a selector for connecting either one of said first and
second drivers to said format control part;

a second I/O transmission line connected at one end to an
output terminal of said first driver;

a second input-dedicated transmission line connected at
one end to an output terminal of said second driver;

an analog comparator connected to said output terminal of
said first driver, for comparing a response waveform
from said IC under test with a reference value; and
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a digital comparator for comparing the output from said

analog comparator with an expected value.

7. The IC testing device of claim 6, further comprising a
performance board with said IC under test detachably
mounted thereon and a pin electronics card with said plural
measurement circuits mounted thereon and disconnectably
connected to said performance board.

8. The IC testing device of claim 7, wherein said perfor-

mance board comprises:

N first I/O terminals, M first input-dedicated terminals
and L first output-dedicated terminals for connection to
said pin electronics card;

N first I/O transmission lines each connected at one end
to one of said first I/O terminals and at the other end to
one of said I/O pins of said IC under test;

M first input-dedicated transmission lines each connected
at one end to one of said first input-dedicated terminals
and at the other end to one of said 1input-dedicated pins
of said IC under test; and

L first output-dedicated transmission lines each connected
at one end to one of said output-dedicated pins of said
IC under test and at the other to one of said first
output-dedicated terminals.

9. The IC testing device of claim 8, wheremn said pin
clectronics card further comprises at least N+L second I/0O

terminals and at least N+M second input-dedicated termi-
nals.

10. The IC testing device of claim 9, wherein for said N
I/O pins of said IC under test, said pin electronics card
connects for each of corresponding N of said measurement
circuits, said first driver to said format control part and
connects corresponding N of said second I/O terminals to
said N first I/O terminals of said performance board and
wherein, for said M 1nput-dedicated pins and said L output-
dedicated pins of said IC under test, said pin electronics card
connects, for each of corresponding M of said measurement
circuits, said second driver to said format control part and
connects corresponding L of said second I/O terminals and
corresponding M of said second 1nput-dedicated terminals to
said L first output-dedicated terminals and said M first input
dedicated terminals of said performance board, respectively.
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